The normal processes of mammalian cell diversification in vivo seem to begin early in development in very limited numbers of cells, and to proceed by formation of expanding clones in which the initial cellular functional genetic commitments are propagated and maintained (1) . The smallness of cell numbers apparently involved in inception of any given specialized cell type, and the limited supply of mammalian embryonic material, render it unlikely that the mechanisms underlying determination of cell type can be effectively analyzed solely in the embryo itself. While many aspects of differentiation have been experimentally examined in vitro in cells taken from embryos, the cells at explantation (e.g., myoblasts, neuroblasts) are already committed to their line of specialization even if not yet fully differentiated. 1734
Transplantable teratomas of mice offer a promising alternative to the embryo for the elaboration and testing of developmental models. These unique tumors have a malorganized simulation of embryogenesis, due to the retention of primitive multipotential teratocarcinoma stem cells capable of giving rise to a wide variety of specialized tissues (2) . Some teratomas have been grown in vivo as a suspension in the body cavity, where they form multicellular embryoid bodies with little or no differentiation; when they attach to a substratum such as visceral surfaces, they become solid tumors with numerous differentiated tissues (3) (4) (5) . In vitro, the embryoid body cells may grow in suspension, or they may attach and produce teratocarcinomatous as well as more differentiated cell types; however, in the repeated subculture arrangement employed in previous studies (6, 7) , the (9) , and resuspended in Dulbecco's modification of Eagle's medium (10) plus 10% heat-inactivated fetal calf serum (GIBCo). In Experiment 1, a constant volume (1 ml) from a suspension of embryoid bodies (consisting of 2.5 ml packed volume of embryoid bodies plus 10 ml of medium) was seeded in 100-mm plastic culture dishes (Falcon) or in 25 ml of medium in 50-ml spinner flasks (Bellco). Some of the culture dishes were first coated with 1% agar in medium. The initial volume of liquid medium in the culture dishes was 5 ml because this favored adhesion of embryoid bodies to the substrate. The medium was changed every other day, beginning with the third day of culture, when the volume was increased to 15 ml. Embryoid bodies in suspension were collected by sedimentation and returned to the culture vessels in fresh medium. In Experiment II, the washed embryoid bodies were first fractionated into four size classes by filtration through four grades of Nitex nylon mesh, yielding populations of the following size ranges: >500 ,um, 200-500 um, 104-200 ,m, and 41-104 Atm.
The fractions were resuspended (1 ml of embryoid bodies: 11 ml of medium) in fresh medium and 0.5 ml seeded into 60-mm plastic culture dishes. Initially the volume of medium was 2.5 ml; this was raised to 5 ml upon the first feeding. The attached cells (from approximately 44% of embryoid bodies in each fraction) were then fed every other day and the unattached ones were discarded. All cultures were incubated at 370 in a humidified atmosphere of 5% CO2 in air.
Cell Collection, Sonication, and Storage. All cells were collected in a phosphate-Triton solution (0.1 M sodium phosphate, pH 8.0, with 0.5% Triton X-100) and washed with phosphate-buffered saline. Attached cells were scraped from the dish with a neoprene policeman; suspended cells were pelleted by centrifugation. The collected cells were sonicated at 40 for 10 see at 50 W with a Branson Sonifier Cell Disrupter (model no. W 185-C) equipped with a micro-tip. The sonicates were stored at -57°until they were assayed.
Cholinesterase Assay. A photometric procedure (11) was used for determining activity of acetylcholinesterase, with acetylthiocholine (ACTC) as substrate, and of nonspecific (butyrylcholine) esterases (BuChE), with butyrylthiocholine (BUTC) as substrate. The reaction rates were linear for >10 min and were proportional to sonicate concentration. The rates are reported as ,smoles of substrate hydrolyzed per min/ mg of protein. BuChE activity was not subtracted' from AChE activity. A Beckman DU spectrophotometer with a Gilford 2000 recorder was used and the reactions were conducted at 220. An dish eventually expressed a much higher specific activity of AChE than did the cells grown either in suspension in spinner flasks or on an agar surface to which they do not actually attach. There is no concomitant increase in the activity of nonspecific cholinesterases (Fig. lb) in the attached cells. The apparent rise of AChE activity in the "floater" cells in plastic dishes is attributable to detachment of cells and short fibers; this becomes visible on day 18 of culture. The sloughing phenomenon, also reported by others (6, 7) , is reflected in the protein measurements of each population (Fig.  ic) . This detachment, along with some unavoidable differences in the seeding procedure, contributes to a large variation (up to 20% of the mean) between duplicate dishes as the culture period is prolonged to one month. The variation is consistent with the diagnosis of muscle for the fibers (see Histology below), as large variations in AChE activity have also been found in developing chick muscle (17, 18) .
AChE activity appears to reach a maximum after 4-5 weeks in culture, but this is difficult to (Fig. 2 ) similar to that in Fig. 1 for the attached cells from unfractionated embryoid bodies. The largest size class (>500 Mm) has a higher initial specific activity of AChE, as would be expected from the fact (3, 22) that these large cystic bodies contain early neural and muscle cells.
The time of confluence (arrows in Fig. 2 ) can only be estimated as teratoma cells in culture tend to aggregate in clumps (6, 7, 23) . AChE activity increases sharply soon after the cells appear to become confluent. In the case of myoblast cultures, it is at this time that cell fusion occurs (24) and AChE activity reaches a maximum (19) (20) (21) . Confluence was not evident with cultures of the largest size class, although their AChE activity rose, possibly due to undetected confluence and/or to the more differentiated initial state of the cystic embryoid bodies in these cultures.
Acetylcholinesterase Histochemistry. Uncultured or recently explanted unattached embryoid bodies sometimes showed small discrete areas of intense AChE activity (Fig. 3 ) not attributable to any identified cell type. Some of the largestsize bodies that had recently attached (3-day cultures) occasionally displayed positive patches suggestive of clones of cells (Fig. 4) , or small darkly stained fibers (Fig. 5) ; more commonly, darkly stained areas were seen at about 2 weeks. Occasional single cells growing on the plastic surface also gave a positive AChE staining reaction after only a few days of culture. After 3 weeks, attached cell cultures had an extensive pattern of many stained fibers and some that were unstained.
Histology. The AChE-positive small fibers (Fig. 5 ) from some embryoid bodies maintained in culture for a few days were found upon phase contrast and histological examination to be strings of intimately apposed uninucleate cells resembling those normally involved in early myotube formation. Multinucleate myotubes, similar to those in Fig. 6 , were sometimes observed as early as 4 days of culture; most were seen closer to 2 weeks after explantation. The presence of some AChE-negative fibers among the positively stained ones probably reflects the varying stages of maturation of the muscle, as in other studies of myogenesis (17, 21) . The prominent fibers in 3-to 5-week-old cultures were identified histologically (Fig. 7) as highly branched aberrant skeletal muscle, largely lacking striations, although occasional striated fibers were found (Fig. 6). [The occurrence of only infrequent striations has previously been noted (2) (22) .
While muscle fibers prevailed in the cultures of attached cells, neuron-like cells, with large cell bodies and long processes, were also seen at first in explants from the largest embryoid bodies, but these cells persisted only until the major rise in AChE activity. The fibers later prominent in the cultures were negative with the Bodian silver stain for neurofibrillar material. aberrant nature of the tissue formed, we have confirmed that it is muscle in tests (not documented here) for other muscle phenotypes. Thus, the muscle enzyme creatine phosphokinase is present in the cultured cells, and its initially low activity rises at least 16-fold at the time of myotube formation, when AChE activity begins to rise (Fig. la) . In addition, myokinase activity increases 3-fold or more concomitantly with the increased activity of creatine phosphokinase. While myogenesis has not been noted in previous studies of teratoma cells in vitro (6, 7), the disparity may be due to the fact that the cells in the earlier experiments were repeatedly removed from their attachment and subcultured.
Myogenesis in the attached cell population may be due to one or both of two phenomena: attachment may promote specific genetic functional commitments in multipotential cells; or attachment may selectively favor proliferation and differentiation of cells already determined as myoblasts. Evidence in support of the first alternative comes from cultures of embryoid bodies of different size ranges, as increasing size reflects progressive differentiation of the bodies at the time of explantation (3) . Those in the smallest size fraction (41-104 um) appear to consist of yolk sac-like endodermal cells surrounding generalized embryonal carcinoma cells; the large cystic bodies (especially those >500 om) contain some immature muscle and nerve, but only a third have been found still to have multipotential embryonal carcinoma cells, as judged from histology, transplantability, and formation of diverse tissues in the transplants (3, 22) . The fact that the kinetics of AChE activity in attached cells from the smallest bodies is similar to that of attached cells from the other size fractions (Fig. 2a) thus lends support to the view that attachment, at least in the case of cells from the more primitive embryoid bodies, is promoting establishment of muscle clonal initiator cells (1) among the multipotential-cell population.
The relatively more rapid protein increase in cells from the smallest embryoid bodies after explantation (Fig. 2c) (Fig. 1c) , the rate of protein increase is greater in attached cell cultures (before fiber dislodgment) than in unattached ones. While this could reflect more cell proliferation, which in turn may play a role in differentiation of myoblasts in culture (24, 25) , it is not possible in our teratoma cultures to ascribe the increase solely to a myogenic component.
While conclusive evidence for selection of pre-determined myoblasts in the explants of larger embryoid bodies is lacking, selection cannot be ruled out and may be occurring to some extent, especially as mammalian myoblasts grow well in culture (24) . The high initial AChE activity of cells from the largest embryoid bodies (Fig. 2a) is consistent with the presence of early muscle in them (3, 22) . Their subsequent drop in activity, followed by only a slow rise, may be due first to difficulty of adaptation of more differentiated cells to culture and then failure to attain confluence (the stage of maximum myotube formation and AChE activity in muscle cultures).
Cell attachment therefore seems to favor initiation of muscle cell differentiation from multipotential cells in the cultures, and may also selectively aid in differentiation of preexisting myoblasts. Attachment to the plastic surface per se is not necessarily the critical condition, as the effect might be mediated by a deposit of some cellular product(s) such as collagen (26) . Various aspects of, or changes generated by, attachment may differ in vivo and in vitro and may favor development of neural tissue in vivo, as neural tissue is especially prominent in the solid teratomas growing in mice (2, 27) . It is of interest that Pierce and Verney (27) , after first culturing embryoid bodies on plasma clots and grafting them to hosts, noted that the solid tumors then formed were enriched for muscle, as compared with tumors from embryoid bodies not precultured in vitro. In our explants, the neuron-like cells, from the largest embryoid bodies, persisted only for a short time. Dissociated cells from solid teratomas with differentiated tissues have of course yielded neuron-like cells in primary cultures (23) and a neural cell line has been derived by selection from unspecified material of OTT 6050 (28) . Attachment has also been found to elicit some neural phenotypes, including AChE activity, in cultured neuroblastoma cells (29) ; these differ from teratocarcinoma cells in the important respect that they are already predetermined along neural lines, with a relatively restricted repertoire of possible phenotypes, and no longer have the option of choosing from among markedly diverse developmental pathways.
Apart from possible minor contributions of increased cell density or cell aging (30) to the AChE increase in our cultures, the increase is chiefly attributable to myogenic differentiation. Changes induced at the cell surface may thus be significant in normal determination of muscle, and possibly of some other cell types, in ways for which the teratocarcinoma cells may provide models. The primary culture system described here affords numerous experimental opportunities for further investigation of the nature of cell-surface changes, the interaction of the cell surface with defined substrata, and the relation of such factors to cell diversification. To improve the precision of this approach, efforts are in progress to obtain from teratoma embryoid bodies a relatively pure population of multipotential embryonal carcinoma cells for primary explants.
We thank Dr. RI. Philip Custer of this Institute for his invaluable help in the histologic aspects of the study. The work was supported by USPHS Grants HD-01646, CA-06927, and RR-05539, and by an appropriation from the Commonwealth of Pennsylvania.
